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TheBurkholderia cepacia complex (BCC) is a group of 18 closelyrelated bacterial species, which can cause life-threatening dis-
ease in immunocompromised and cystic fibrosis (CF) patients (1,
2). BCC species are commonly found in soil or associated with
plants (3–5). Burkholderia cenocepacia H111 is a member of the
BCC that was isolated from a sputum sample from a CF patient
(6). While closely related, B. cenocepaciaH111 does not belong to
the epidemic ET12 lineage, from which three genomes (strains
J2315, BC7, and K56-2) have been sequenced (7, 8). Strains of the
ET12 lineage are highly transmissible and have resulted in high
mortality among infected CF patients (9, 10). In contrast, the CF
patient infected with B. cenocepacia H111 did not show acute
symptoms. The infection cleared after a 6-month coinfection pe-
riod with Pseudomonas aeruginosa (6). B. cenocepaciaH111 is sen-
sitive to several antibiotics, is easily amenable to genetic manipu-
lation, and its physiology and virulence in various infection
models are well studied (11–16). Together, these properties make
its genome a valuable addition to the growing number of se-
quenced BCC genomes.
GenomicDNAwas prepared according toWilson (17). A com-
bination of Roche 454 GS-FLX Titanium 3-kb-span paired-end
libraries (~25 coverage), Roche 454 GS-GLX Titanium frag-
ment reads (~25 coverage), and Illumina 36-bp fragments (50
coverage) were assembled into 71 contigs using the CLC Genom-
icsWorkbench version 5.0 software (CLCbio, Aarhus, Denmark).
To fill the small gaps in the assembly that were probably caused by
ambiguities in GC-rich regions of the genome, we sequenced a
large-insert library (8 to 12 kb) using the PacBio RS II kit to ap-
proximately 30 coverage (Pacific Biosciences, Menlo Park, CA,
USA).We used the AHA algorithm from the SMRTPortal (Pacific
Biosciences) to close all the gaps and generate high-quality circu-
lar consensus sequences of the 2 chromosomes and the megaplas-
mid pC3 that comprise the B. cenocepacia H111 genome.
Chromosomes 1 and 2 in H111 have sizes of 3.57 Mb and
3.10 Mb, respectively, and are slightly smaller than those of the
closely related B. cenocepacia J2315 strain (3.83 Mb and 3.19 Mb,
respectively) (8). Several large genomic islands are missing from
chromosome 1 of H111 (e.g., BcenGI5, BcenGI6, and BenGI8
with sizes of 92 kb, 34 kb, and 121 kb, respectively), accounting for
the smaller size. A 102-kb region that contains the B. cenocepacia
pathogenicity island cci (18), the type IV secretion systemgenomic
island (8), and the low-oxygen-activated locus lxa (19) is absent
from chromosome 2 of B. cenocepacia H111. Conversely, the fac-
ultative pC3 replicon is larger than that of B. cenocepacia J2315 at
1.04Mb versus 0.88Mb. The pC3 replicon codes for specific traits,
such as virulence and stress resistance, and is less conserved
among BCC members than chromosomes 1 and 2 (20, 21).
The genome was annotated using the RAST pipeline (22). The
results of the automated annotation were augmented and curated
using the Artemis software package (23). The genome contains
6,933 open reading frames, which is comparable to the gene con-
tent of other B. cenocepacia genomes.
Nucleotide sequence accession numbers. The sequences of
the three replicons of B. cenocepaciaH111 have been deposited at
DDBJ/EMBL/GenBank under the accession no. HG938370,
HG938371, and HG938372.
ACKNOWLEDGMENTS
This workwas supported by the SwissNational Science Foundation (proj-
ect 31003 A_ 143773).
We thank Marzanna Kuenzli, Weihong Qi, and Remy Bruggmann of
the Functional Genomics Center Zürich for their help with the sequenc-
ing.
REFERENCES
1. Vandamme P, Dawyndt P. 2011. Classification and identification of the
Burkholderia cepacia complex: past, present and future. Syst. Appl.Micro-
biol. 34:87–95. http://dx.doi.org/10.1016/j.syapm.2010.10.002.
2. Peeters C, Zlosnik JEA, Spilker T, Hird TJ, LiPuma JJ, Vandamme P.
2013. Burkholderia pseudomultivorans sp. nov., a novel Burkholderia cepa-
cia complex species from human respiratory samples and the rhizosphere.
Syst. Appl. Microbiol. 36:483–489. http://dx.doi.org/10.1016/j.syapm.20
13.06.003.
3. Vanlaere E, Baldwin A, Gevers D, Henry D, De Brandt E, LiPuma JJ,
Genome AnnouncementsMarch/April 2014 Volume 2 Issue 2 e00298-14 genomea.asm.org 1
 o
n








Mahenthiralingam E, Speert DP, Dowson C, Vandamme P. 2009. Taxon
K, a complex within the Burkholderia cepacia complex, comprises at least
two novel species, Burkholderia contaminans sp. nov. and Burkholderia
lata sp. nov. Int. J. Syst. Evol. Microbiol. 59:102–111. http://dx.doi.org/1
0.1099/ijs.0.001123-0.
4. Suárez-Moreno ZR, Caballero-Mellado J, Coutinho BG, Mendonça-
Previato L, James EK, Venturi V. 2012. Common features of environ-
mental and potentially beneficial plant-associated Burkholderia. Microb.
Ecol. 63:249–266. http://dx.doi.org/10.1007/s00248-011-9929-1.
5. Mahenthiralingam E, Urban TA, Goldberg JB. 2005. The multifarious,
multireplicon Burkholderia cepacia complex. Nat. Rev. Microbiol.
3:144–156. http://dx.doi.org/10.1038/nrmicro1085.
6. Geisenberger O, Givskov M, Riedel K, Høiby N, Tümmler B, Eberl L.
2000. Production of N-acyl-L-homoserine lactones by P. aeruginosa iso-
lates from chronic lung infections associated with cystic fibrosis. FEMS
Microbiol. Lett. 184:273–278. http://dx.doi.org/10.1111/j.1574-6968.200
0.tb09026.x.
7. Varga JJ, Losada L, Zelazny AM, Kim M, McCorrison J, Brinkac L,
Sampaio EP, Greenberg DE, Singh I, Heiner C, Ashby M, Nierman WC,
Holland SM, Goldberg JB. 2013. Draft genome sequences of Burkholderia
cenocepacia ET12 lineage strains K56-2 and BC7. Genome Announc. 1(5):
e00841–13. http://dx.doi.org/10.1128/genomeA.00841-13.
8. Holden MTG, Seth-Smith HMB, Crossman LC, Sebaihia M, Bentley
SD, Cerdeño-Tárraga AM, Thomson NR, Bason N, Quail MA, Sharp S,
Cherevach I, Churcher C, Goodhead I, Hauser H, Holroyd N, Mungall
K, Scott P, Walker D, White B, Rose H, Iversen P, Mil-Homens D,
Rocha EPC, Fialho AM, Baldwin A, Dowson C, Barrell BG, Govan JR,
Vandamme P, Hart CA, Mahenthiralingam E, Parkhill J. 2009. The
genome ofBurkholderia cenocepacia J2315, an epidemic pathogen of cystic
fibrosis patients. J. Bacteriol. 191:261–277. http://dx.doi.org/10.1128/JB.0
1230-08.
9. Speert DP, Henry D, Vandamme P, Corey M, Mahenthiralingam E.
2002. Epidemiology of Burkholderia cepacia complex in patients with cys-
tic fibrosis, Canada. Emerg. Infect. Dis. 8:181–187. http://dx.doi.org/10.3
201/eid0802.010163.
10. Mahenthiralingam E, Vandamme P, Campbell ME, Henry DA, Gravelle
AM, Wong LT, Davidson AG, Wilcox PG, Nakielna B, Speert DP. 2001.
Infection with Burkholderia cepacia complex genomovars in patients with
cystic fibrosis: virulent transmissible strains of genomovar III can replace
Burkholderia multivorans. Clin. Infect. Dis. 33:1469–1475. http://dx.doi
.org/10.1086/322684.
11. Uehlinger S, Schwager S, Bernier SP, Riedel K, Nguyen DT, Sokol PA,
Eberl L. 2009. Identification of specific and universal virulence factors in
Burkholderia cenocepacia strains by using multiple infection hosts. Infect.
Immun. 77:4102–4110. http://dx.doi.org/10.1128/IAI.00398-09.
12. Huber B, Feldmann F, Köthe M, Vandamme P, Wopperer J, Riedel K,
Eberl L. 2004. Identification of a novel virulence factor in Burkholderia
cenocepacia H111 required for efficient slow killing of Caenorhabditis el-
egans. Infect. Immun. 72:7220–7230. http://dx.doi.org/10.1128/IAI.72.12
.7220-7230.2004.
13. Pessi G, Braunwalder R, Grunau A, Omasits U, Ahrens CH, Eberl L.
2013. Response of Burkholderia cenocepacia H111 to micro-oxia. PLoS
One 8:e72939. http://dx.doi.org/10.1371/journal.pone.0072939.
14. Huber B, Riedel K, Köthe M, Givskov M, Molin S, Eberl L. 2002.
Genetic analysis of functions involved in the late stages of biofilm devel-
opment in Burkholderia cepaciaH111. Mol. Microbiol. 46:411–426. http:
//dx.doi.org/10.1046/j.1365-2958.2002.03182.x.
15. Schwager S, Agnoli K, Köthe M, Feldmann F, Givskov M, Carlier A,
Eberl L. 2013. Identification of Burkholderia cenocepacia strain H111 vir-
ulence factors using nonmammalian infection hosts. Infect. Immun. 81:
143–153. http://dx.doi.org/10.1128/IAI.00768-12.
16. Köthe M, Antl M, Huber B, Stoecker K, Ebrecht D, Steinmetz I, Eberl
L. 2003. Killing of Caenorhabditis elegans by Burkholderia cepacia is con-
trolled by the cep quorum-sensing system. Cell. Microbiol. 5:343–351.
http://dx.doi.org/10.1046/j.1462-5822.2003.00280.x.
17. Wilson K. 2001. Preparation of genomic DNA from bacteria. Curr. Pro-
toc.Mol. Biol. 00:2.4.1–2.4.5. http://dx.doi.org/10.1002/0471142727.mb0
204s56.
18. Baldwin A, Sokol PA, Parkhill J, Mahenthiralingam E. 2004. The Burk-
holderia cepacia epidemic strain marker is part of a novel genomic island
encoding both virulence andmetabolism-associated genes inBurkholderia
cenocepacia. Infect. Immun. 72:1537–1547. http://dx.doi.org/10.1128/IAI
.72.3.1537-1547.2004.
19. Sass AM, Schmerk C, Agnoli K, Norville PJ, Eberl L, Valvano MA,
Mahenthiralingam E. 2013. The unexpected discovery of a novel low-
oxygen-activated locus for the anoxic persistence of Burkholderia cenoce-
pacia. ISME J 7:1568–1581. http://dx.doi.org/10.1038/ismej.2013.36.
20. Agnoli K, Schwager S, Uehlinger S, Vergunst A, Viteri DF, Nguyen DT,
Sokol PA, Carlier A, Eberl L. 2012. Exposing the third chromosome of
Burkholderia cepacia complex strains as a virulence plasmid. Mol. Micro-
biol. 83:362–378. http://dx.doi.org/10.1111/j.1365-2958.2011.07937.x.
21. Agnoli K, Frauenknecht C, Freitag R, Schwager S, Jenul C, Vergunst A,
Carlier A, Eberl L. 2014. The third replicon of members of the Burkhold-
eria cepacia complex, plasmid pC3, plays a role in stress tolerance. Appl.
Environ. Microbiol. 80:1340–1348. http://dx.doi.org/10.1128/AEM.0333
0-13.
22. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: Rapid Annotations using
Subsystems Technology. BMC Genomics 9:75. http://dx.doi.org/10.1186
/1471-2164-9-75.
23. Carver T, Berriman M, Tivey A, Patel C, Böhme U, Barrell BG, Parkhill
J, Rajandream MA. 2008. Artemis and ACT: viewing, annotating and
comparing sequences stored in a relational database. Bioinformatics 24:
2672–2676. http://dx.doi.org/10.1093/bioinformatics/btn529.
Carlier et al.
Genome Announcements2 genomea.asm.org March/April 2014 Volume 2 Issue 2 e00298-14
 o
n
 July 3, 2017 by Universitaet Zuerich
http://genom
ea.asm
.org/
D
ow
nloaded from
 
